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Abstract 
To prevent flood disasters, policymakers call for resilient cities which are bet-
ter able to cope with flood hazards. However, actual adoption of resilience 
measures in urban planning is still limited, partly because it is not sufficiently 
clear how and to what extent resilience should and can be enhanced. To de-
velop resilience strategies, information on the current resilience and on the 
effects of measures should be available. Since cities are complex systems, an 
assessment of resilience requires the input of different actors. To obtain and 
combine this input, a comprehensive approach which brings together many 
actors is required. Furthermore, resilience must be integrated in planning 
frameworks in order to enhance adoption by city policy makers. Tools which 
support and structure the contribution of different disciplines and actors will 
help to obtain information on the current resilience and to develop a shared 
vision on measures to enhance urban resilience. We illustrate our view with 
an example on Cork, Ireland. 
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1. Introduction 
The world’s policymakers, authorities, development organizations and donors 
emphasize the need for more resilient cities [1] in order to prevent hazards from re-
sulting in disasters. The Sendai Framework for Disaster Risk Reduction 2015-2030 
calls for more attention for resilience [2], as do the New Urban Agenda [3] and 
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the Sustainable Development Goals [4]. Resilience also constitutes the paradigm 
of the 100 Resilient Cities campaign by the Rockfeller foundation [5]. These 
global policies, however, do not provide practical guidance for assessing and en-
hancing flood resilience within urban systems. 
There is an on-going debate within the scientific community on the descrip-
tion and definition of resilience [6] [7] [8] [9]. Although the precise definition of 
resilience may not be agreed upon, there is nevertheless agreement on the notion 
of resilience and the most important system characteristics to enhance cities’ or 
deltas’ resilience to be better able to cope with hazards, such as extreme weather 
events and floods [10]. Recently, attempts have been made to derive principles 
based on those shared insights which may help policy makers define measures 
that enhance resilience. [11] proposed ten “essentials” for making cities resilient 
including conducting risk assessments, ensuring stakeholder participation, pro-
tecting critical infrastructure (abbreviated further as “CI”) and assigning budg-
ets. [12] developed a city resilience index. [13] provided guidance on how to 
build urban resilience to natural hazards. They claim that cities should protect 
their citizens and that public funding of resilience is therefore justified. They 
promote the sharing of risk information with actors to increase resilience and 
mention a number of critical steps such as: taking into account future uncertain-
ties, looking at various aspects of the disaster chain and focusing on critical in-
frastructure. [14] defined lessons learned from hurricane Sandy and also men-
tioned sharing of information, anticipating on uncertain futures and aligning 
various policies and programs. [10] proposed five resilience principles for policy 
makers and consultants to guide enhancing resilience to natural hazards. 
Although such principles and essentials help to make resilience more con-
crete, resilience needs to be included in commonly used policy frameworks to 
promote implementation of resilience measures. Information on current levels 
of resilience must be made available to enable informed decisions on the useful-
ness of resilience enhancing measures. Cities are highly complex and dynamic 
systems; their current and future resilience to a certain hazard will depend on 
many actors, processes and measures. Hence it is very difficult to quantify resi-
lience and to assess the effect of measures on resilience, especially by local au-
thorities themselves. Therefore, we propose to adopt approaches and tools which 
enable input of a wide range of actors from different fields, structure their dis-
cussion and contribute to the development of a shared vision on the cities’ resi-
lience and ways to enhance it. 
This paper clarifies what we mean by resilience and then links resilience to 
policy frameworks to identify what information is needed to support policy 
makers in their search for resilience enhancing measures. Next we discuss the 
type of approaches and tools which may help obtain such information and illu-
strate this by an example of planning of urban resilience against floods in Cork, 
Ireland. We explain that resilience planning benefits from methods and tools 
which support the structuring and integration of information of different discip-
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lines and actors to get a comprehensive overview of urban resilience. 
2. Theory: Urban Resilience to Floods 
Resilience as a concept covers significant elements missing in “traditional” 
management of flood risks. Traditionally, flood risk management approaches 
focus on risks which are understood as a combination of flood probabilities and 
flood consequences [15]. Flood risk is often expressed in terms of the expected 
annual damage or expected annual number of casualties [15] [16]. Policy makers 
evaluate these risks by comparing these with acceptable risk levels or in an eco-
nomic assessment. Reducing risks requires taking measures that reduce either the 
probability of an event happening or its consequences. An economic cost-benefit 
analysis will provide insight into the efficiency of proposed measures. 
Such commonly applied risk analyses have some drawbacks: they neglect risk 
aversion in society and pay little attention to rare, but catastrophic events [17] 
[18]. These analyses often focus on direct tangible impacts and do not consider 
recovery, indirect effects and intangible impacts [18] [19]. Additional criteria are 
thus needed to assess measures. 
The call for enhancing resilience usually includes a call for more attention to 
rare, but catastrophic beyond-design events, to intangible impacts, indirect ef-
fects and to recovery capacity of the society threatened by disturbances. 
Resilience is generally considered a positive system characteristic that is re-
lated to the system’s ability to cope with disturbances [20]. In policy documents 
resilience is generally defined at a large scale and not hazard specific. It needs, 
however, to be specified and operationalized in order to address it [21] [22] [23]. 
Both the system and the relevant disturbance should be clearly specified in order 
to define, implement and monitor resilience measures: “resilience of what to 
what?” [24]. 
In this paper, we define urban flood resilience as the ability of a city to cope 
with high rainfall intensities, river water levels and coastal storm surges either by 
being able to withstand those disturbances, or by recovering easily from the im-
pacts they cause. 
In evaluating resilience strategies, we consider how the set of measures build-
ing the strategy perform under different future scenarios of the urban area. To 
assess resilience, first the system boundaries and specific flood hazard must be 
defined and then relevant indicators to measure flood impacts and flood recov-
ery time must be selected. 
To support policymakers to deal with flood resilience, [10] translated the no-
tions related to resilience into five guiding principles, namely: 
1) Adopt a system’s approach: To tailor flood risk management strategies to 
the socio-economic system, a comprehensive systems understanding is needed, 
including the interdependencies between subareas and the link between flood 
risks, recovery, economic activities and social networks [25]; 
2) Look at beyond-design events: The risk perception of events with a low 
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probability but high consequences is often different from the “objective” risk as 
provided by economic analysis [17]. Rare but catastrophic events may call for 
measures which are not cost-effective in view of a standard cost-benefit analysis; 
3) Develop infrastructure according to “remain functioning” principle: Design 
systems in such a way that consequences of failure are not catastrophic, but ma-
nageable; 
4) Increase recovery capacity by looking at social and financial capital [26]. 
Measures which increase people’s ability to recover include amongst others 
measures aiming at improving education level and well-fare but also measures 
which improve access to recovery funds e.g. insurances, relief grants, reconstruc-
tion employment schemes and so on; 
5) Consider future changes in order to remain resilient into the future: Sys-
tems’ resilience changes due to climate change, urbanisation, economic changes 
and economic growth. To remain resilient in the future, urban areas and urban 
policies need to be flexible, and urban planners need to learn and adapt to cope 
with gradual but uncertain changes. 
These principles help policy makers to adopt a resilience approach, but they 
need to be translated to urban planning and tools and methods to support adop-
tion will help further uptake. 
2.1. Flood Resilience in Relation to Urban Planning 
Cities are complex systems with many interrelations. The functioning of urban 
areas and the well-being of people in flood-prone cities may be threatened by 
floods. However, flood threats are just one of the many challenges which urban 
areas need to cope with. Others are for example urbanization, aging infrastruc-
ture, access to (sustainable) energy and social issues. To increase urban flood re-
silience, the other developments and challenges need to be considered, and 
strategies need to be understood in view of changes. As an example we mention 
the city Chennai in India where severe floods occurred in 2015. When address-
ing these floods, it is crucial to also address other major issues such as the aging 
and insufficient capacity of sewer and garbage management systems and to take 
into account the very high grow rate of the city [27]. 
Increasing resilience and developing sustainable pathways into the future, re-
quires interaction between actors, and authorities and integration of knowledge 
on flood risks with information on urban activities, developments and assets 
[28]. Through mutual learning a shared vision can be developed on current le-
vels of flood resilience and on potentially feasible measures to maintain and en-
hance resilience in the future. 
Common policy frameworks for urban planning follow steps such as problem 
exploration, risk analysis, risk evaluation, and defining strategies [29]. We pro-
pose an urban resilience planning framework, which reflects the policy cycle (see 
Figure 1). It consists of four steps that are to be followed in an iterative way. 
Reaching agreement on problem assessment and policy objectives is the key to  
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Figure 1. Framework for policy analysis and planning of urban flood resilience. 
 
successful planning. Hence stakeholder engagement and communication are at 
the core of the framework: a process of joint fact finding to understand percep-
tions and develop a common knowledge base. 
2.2. Scoping of Urban Flood Resilience 
Resilience planning processes start with an inception phase in which scope and 
objectives of the planning process are defined: the hazards addressed and objec-
tives pursued. Starting-points for the next steps are defined in the planning 
cycle. This includes specifying the dimensions of resilience together with related 
indicators. Choices have to be made to describe the system and its boundaries: 
what aspects and relationships are considered in the analysis of urban flood resi-
lience. 
Scenarios (i.e. plausible future situations) need to be defined that account for 
various uncertainties, including the possible impacts of climate change. Scena-
rios play a central role in defining adaptive strategies and help to define and pri-
oritize low regret measures. Furthermore, “beyond design events” need to be 
identified to enable the assessment of flood resilience. Relevant actors need to be 
identified through an actor analysis. 
2.3. Resilience Assessment 
The level of resilience will be analyzed by calculating various indicators reflect-
Scoping of flood resilience
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ing flood resilience for both the current situation and future scenarios. Particular 
attention should be paid to “beyond-design events”. The analysis looks into dif-
ferent types of flood impacts, including cascading effects on CI, i.e. effects of 
disruption of CI in flooded areas on CI, industries or communities outside the 
flooded areas. Through a flood risk mapping exercise a comprehensive overview 
can be compiled of hazards, impacts and risks in the project area, which serves 
as input to the evaluation and management of flood resilience. Some of the resi-
lience indicators may be quantified using computer simulation models; for other 
indicators a qualitative assessment may suffice. 
2.4. Evaluation of Resilience 
The next step after establishing the degree of resilience of the current system is 
the resilience evaluation. Evaluating resilience is essentially a societal and policy 
process which should answer the question: “How resilient is resilient enough?” 
Such evaluation will help to decide what measures and strategies are proportio-
nate to the perceived lack of resilience. The inputs to this discussion are flood 
risk maps, the values of indicators for different scenarios, the potential measures 
to reduce risk and enhance resilience and their associated costs. It includes 
stakeholder views as well as economic considerations regarding the acceptability 
of side effects and damages, and the cost-effectiveness of measures enhancing 
resilience. The evaluation of existing resilience should also clearly identify the 
main causes of insufficient resilience. Such insights will provide guidance to the 
development and selection of measures and strategies that enhance resilience. 
2.5. Enhancing Resilience 
Strategies to enhance resilience should include a well-balanced mix of structural 
and non-structural measures, including measures which can be implemented in 
the short term. The strategies will be assessed on economic feasibility, social and 
cultural aspects, and environmental considerations under a wide range of future 
scenarios. The development of strategies in an interactive setting may be sup-
ported with decision support systems. Implementation of strategies will look in-
to the financing of measures, as well as on-going long-term operation and 
maintenance costs. Governance arrangements should create the conditions for 
effective enforcement of regulations and public awareness campaigns. 
3. Methods and Tools Which May Support Planning for  
Resilience 
3.1. Type of Tools and Methods Needed 
In order to identify, analyze and evaluate measures which enhance resilience of 
cities we need methods and tools which produce information on system beha-
vior, on the impacts and recovery rates of disturbances and on the effects of po-
tential measures. Such an overview is not easily obtained as it requires informa-
tion from multiple actors and disciplines. The literature suggests that approaches 
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which engage actors and stimulate joint fact-finding can offer guidance in de-
veloping resilience strategies [30]. In order to engage actors and obtain an over-
view of the whole urban system in relation to flood risks, interviews and work-
shops with experts and actors are needed. Such workshops may also enhance 
capabilities of actors and create ownership of resilience objectives, approaches 
and the way forward. They can help actors to relate their knowledge and respon-
sibilities to the functioning of the system as a whole. They may also contribute to 
a shared vision on what measures or strategies are best and what actions should 
be taken by the individual actors. Methods and tools that structure and enhance 
discussions during workshops are crucial to reach this common view. Such 
workshops are beneficial for all four phases in the proposed urban resilience 
planning framework. 
There is a wide variety of methods with different levels of participation availa-
ble to engage actors [31]. Different methods include focus groups [32] and the 
Delphi method [33]. Two recently developed methods/tools, the CIrcle Tool and 
the Storyline Method, aim to better engage actors in the planning process. The 
storyline method helps to sketch the chain of events and actions, before, during 
and after a flooding which shows links between actions and actors [34], while the 
CIrcle tool structures and visualizes information on CI vulnerability [35]. Both 
aim to contribute to the development of a shared vision on the current levels of 
resilience and on potential measures to increase flood resilience of the city as a 
whole. The methods use existing information on flood risks, and involve many 
different disciplines and actors. This section discusses these methods and the 
case study on Cork will illustrate how they help to assess the current resilience 
and the impacts of potential resilience measures. 
3.2. Storyline Method 
The storyline method comprises selecting and analyzing specific scenarios to-
gether with relevant actors to identify the sequence of events, the responses of 
actors and the interactions between the actors. The storyline considers the sub 
events just before, during and just after the flooding. This approach does not re-
place, but complements common risk analyses. The way in which actors relate 
flood risk maps (which often contain aggregated information from many poten-
tial flood events) to their own actions and designs is not always clear. A storyline 
which corresponds to an extreme but realistic event, helps communication and 
clearly delineates actions between actors. The storyline method is thus princi-
pally designed to facilitate communication, information exchange and discus-
sions in workshops. It has been applied in the Netherlands, to develop and ana-
lyze flood risk management strategies for the Island of Dordrecht [34]. 
The storyline approach comprises four steps which match with the resilience 
framework. In the scoping phase of the resilience framework, the first two steps 
are considered: 
1) Initial phase: Describe the area, the flood hazards, the CI and relevant ac-
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tors; 
2) Select the scenario for the storyline: A scenario consists of an extreme 
weather event and/or other cause of flooding; 
In the resilience assessment phase the third and fourth step are executed: 
3) Develop the storyline and describe how the event evolves before, during 
and after the flooding; 
4) Analyze the flood impacts such as damage, fatalities, number of persons 
impacted and recovery duration. 
In the resilience evaluation and enhancement phases the outcomes are dis-
cussed, potential measures selected and the storyline is reconsidered for a future 
situation in which the selected potential measures are assumed to be imple-
mented. 
The storyline describes for each of the three flood phases: (1) the rising of the 
flood threat, (2) the flooding itself, and (3) the recovery from the flooding, the 
following aspects: the flood pattern, the effects on CI, as well as the actions of the 
most relevant actors. Actors include local authorities, meteorological services, 
water managers, emergency responders, CI operators and the general public. 
The interrelations between actions and actors can be visualized in tables or dia-
grams. 
The storylines should not be considered as forecasts with a certain probability, 
but as “what if” scenarios. They will provide a consistent set of assumptions, re-
veal uncertainties and provide a picture of the interactions of actors. 
It is recommended that researchers first prepare and develop storylines based 
on available information from literature or interviews of key-actors and then re-
peat the storyline development in a workshop together with representatives of 
the key-actors to complete and correct the storyline and exchange knowledge. 
The application of the storyline approach in workshops brings together actors 
from diverse disciplines and institutes, such as flood modelers, crisis managers, 
emergency services, spatial planners, and critical infrastructure managers. The 
approach is applicable also when data is not available. It results in a shared view 
on what may happen and on how different responses or situations interact. It 
also reveals data needs and contributes to strategy and measure identification 
[34]. 
3.3. CIrcle 
Since one of the conditions for a resilient city is having resilient CI, we also dis-
cuss the CIrcle approach and tool as an example which supports urban planners 
in their resilience planning process. This tool is used to engage actors from dif-
ferent CI networks to understand and analyze the cascading effects of floods on 
their CI networks [35] [36]. It supports the development of a mutual under-
standing in workshop sessions and it visualizes actors’ input on different CIs and 
the interrelations between those CIs. 
The CIrcle workflow consists of several steps. First, the actors are asked to de-
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pict CI on a map of the flood-prone area. Since obtaining high quality data on CI 
may be difficult due to security and competition, the actors are not requested to 
bring in detailed data sets, but instead they are asked to locate CI on a map in a 
confidential workshop setting. Such maps and the corresponding explanation of 
the actors are often sufficient to get an overview of the vulnerability of the CI to 
flooding and the interactions between different CI networks. 
Secondly, all identified CI networks are presented as blocks in a circle diagram 
on the CIrcle tool (see Figure 2) and for each CI network the resistance and resi-
lience to flooding is discussed. The network components’ resistance is the water 
depth which the element can withstand without any damage and its resilience is 
related to the damage severity and recovery rate. If, for example, a power supply 
operator brings forward that failure in power supply will occur if water depths 
exceed 25 cm at the network control cabinets, then in the outer circle of the dia-
gram one block is assigned to power supply and the threshold of 25cm is then 
added. 
Thirdly, for each vulnerable CI network type it is discussed if failure in service 
could trigger other CI networks to fail. If a failure in the power supply occurs, 
will, for example, the emergency managers be able to continue their work and if 
so, for how many hours? This information is then added as causal links between 
the blocks in the outer circle (see Figure 2). Generally, more information on the 
links is obtained from the group discussions than from discussions with indi-
vidual actors. Finally, the effect of the disruption of CI on society is addressed 
and added to the CIrcle tool (number of people affected, costs, etc.). 
4. Illustrative Example: Urban Flood Resilience of CI in Cork, 
Ireland 
We illustrate the urban resilience planning framework and the methods and 
tools through their application in Cork. In the case study, we started with scop-
ing the resilience issue: delineated the system and specified the hazard towards 
which resilience is needed. Then we did an actor analysis and proposed case spe-
cific resilience indicators. Then we assessed the resilience, evaluated it and con-
sidered measures to enhance the system’s resilience. 
 
 
Figure 2. Flow diagram of the CIrcle tool and approach (based on: [37]). 
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To understand the system, literature was studied and actors were interviewed. 
The most important actors in the Cork case are the CI operators, local authori-
ties and emergency managers and experts from the Office of Public Works 
(OPW). First unstructured interviews and interviews based on a strict question-
naire were held. The unstructured interviews served to exchange information on 
the project scope, needs and challenges of the stakeholder and context. The 
questionnaire based ones focused on obtaining specific information on CI vul-
nerability of Cork County. Based on the obtained information from experts and 
actors, from literature on flood events, protocols for emergency management 
and plans for future measures, it was decided to focus on one specific clearly de-
fined flood scenario and adopt the storyline approach and CIRCLE tool for fur-
ther analysis. 
In the assessment phase the selected storyline was prepared. Then a workshop 
was held on the 9th of March 2016 with representatives of the City and County 
Council, and CI operators and managers to jointly elaborate the storyline. The 
CIrcle tool was used to support the workshop and to collect, visualize and 
present the information in a structured and coherent manner. After the work-
shop, the outcomes were combined into a description, graphs and maps. 
In the evaluation phase a second workshop was held in which the outcomes of 
the first workshop were shared and discussed (September 2016). This workshop 
also focused on identifying further measures and thus also covered the enhanc-
ing resilience phase. The questionnaires, interviews, workshop report and case 
study report were kept confidential to promote engagement between actors. 
To assess flood resilience of Cork City Centre we used two indicators, one for 
impacts: the monetary impacts related to a once in 1000 years flood and one for 
recovery: the number of affected person days which is equal to the product of the 
number of persons affected and the duration they are affected. We focused on 
the once in 1000 year scenario, which is a beyond-design event. The resilience 
indicators and findings are discussed in the next sections. 
4.1. Scoping Phase 
Cork City is the largest urban settlement within the Southwest Region of Ireland. 
Cork City was originally built at the mouth of the River Lee, on an island in a 
marsh and is thus susceptible to flooding. The flows in the River Lee are influ-
enced by two hydro-electric dams owned by Electricity Supply Board (ESB). 
Cork City is at risk of tidal flooding during extremely high tides, by flooding 
from river discharges, and combined tidal and pluvial flooding. Fluvial floods 
are most damaging. The city has 120,000 inhabitants, comprises a large concen-
tration of commercial and industrial activities, nationally important CI, and at-
tracts a large commuter population from the surrounding hinterlands. 
Flood management is carried out by the OPW at national level, the County 
and City Councils at regional and local level. Since the ESB manages the reser-
voirs which may attenuate flood waves, they influence flood risks significantly. 
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The CI in Cork includes transport networks, utility services and furthermore 
there are vulnerable and crucial assets such as emergency services, hospitals and 
the university. In the management and operation of CI several actors are in-
volved, including CI operators and managers (road, rail, air, port, water, energy), 
local authorities and first responders. A full description can be found in [38]. 
In 2009 a severe river flooding occurred which resulted in severe damage and 
interruption of critical infrastructure services: The main transportation routes 
were cut off, the roads to and from the hospital became inaccessible, the drink-
ing water supply of about 87,000 persons was interrupted for about two weeks 
and the university suffered from large damage. 
Since the flood event of 2009 damaged the CI severely, the study on the flood 
resilience of Cork focused on CI. We focus in this paper on the resilience of 
Cork City CI to fluvial flooding. 
4.2. The Resilience Assessment Phase: The Storyline-CIrcle  
Approach 
4.2.1. The CIrcle Diagram 
To assess flood resilience, a workshop was organized in March 2016 and atten-
dants of the City and County Council, CI operators and managers and emer-
gency managers were present. First the flood scenario was discussed and then 
the actors added CI locations to the CI maps and identified the CI present in the 
region. Based on their inputs the original CI map was improved. For each CI 
type the potential direct flood impacts and the thresholds for those impacts were 
discussed. For the medium voltage transformer stations, for example, the thre-
shold for flooding and failure before 2009 was about the flood depth of 2009. 
However, recently they have been protected from flooding and now they can 
resist water depths of 1m above ground level. Potential cascading effects arising 
from the flooding scenario were also identified during the process, allowing for a 
more comprehensive determination of impacts. For example, the effects of dis-
ruptions in power supply on the functioning of the hospital were discussed. The 
cascading effects were imported directly in CIrcle as links between the blocks 
which represent the CI types (see Figure 3). 
Most indirect effects are associated with the disruption of the transformer sta-
tions. The disruption of power affects schools, traffic systems, waste water 
treatment plants, local residents and the commercial sector. The disruption of 
the electricity network also had a cascading effect on the local hospital which 
was forced to run on its emergency generator. 
The disruption of water supply also results in many cascading effects, e.g. to 
the schools, hospital and emergency services (fire services for example). Flood-
ing of the road network has cascading impacts on the functioning of the local 
hospital; access to the hospital by emergency services and staff was compromised 
due to inaccessible roads. The flooding of roads also hampered emergency ser-
vices. 
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Figure 3. Result of actor discussion on cascading effects (based on [37]). 
4.2.2. The Resulting Storyline 
Based on the knowledge from the scoping phase we selected a once in 1000-year 
river flooding for the storyline. This is a beyond-design event which is a little 
more extreme than the 2009 flooding which was estimated as between a 100 and 
1000 year return period. The three storyline phases (before, during and after the 
flooding) are briefly described below. A full description is found in [37]. 
Phase 1: The escalating threat of river flooding 
Following a particularly wet October, soils are saturated and reservoir levels 
are very high. The ESB is releasing already 150 m3/s which causes local flooding. 
As prescribed in protocols, the ESB communicated this information to a 
pre-determined list of actors including Cork City and County Councils, Univer-
sity College Cork and shoreline property owners. The rainfall levels are conti-
nuously monitored and catchment assessments are continuously made to inform 
on the threat of flooding. 
Then Met Éireann (the meteorological service of Ireland) informs that addi-
tional significant rainfall is forecasted over the coming 24 hours. They issue a 
level orange weather warning for the Southwest Region. The ESB foresees they 
need to increase discharges from the dam far beyond the maximum of 150 m3/s 
and they now indicate to the list of actors that they will need to release more 
than 400 m3/s from the reservoir to protect the integrity of the dam. They are 
aware this will cause significant flooding downstream. 
The Flood Assessment Team and Flood Response Group are notified of the 
continued increase in discharge of water from the dam and are aware of the risk 
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of flooding to the city centre. Cork City Council initiates the city’s emergency 
management plan. They decide to restrict traffic movements in projected high 
flood risk areas and consequently close off vulnerable roads, city centre car parks 
and divert traffic at key junctions, although flooding has not yet occurred. 
Phase 2: The flood event itself 
At t = 0, river water levels are rising fast in areas which are normally dry, and 
some river bank and quays break, resulting in flooding of areas of the city centre 
(see Figure 4). The flooding is unexpectedly severe. The maximum water level is 
reached after 12 hours. 
Cork City Council and emergency responders immediately respond to the 
breach by closing off the affected road and start repair works on the quay wall in 
order to prevent further flooding. The Crisis Management Team is coordinating 
the emergency response team and decides on further actions needed to close of 
roads and public areas, to prepare to transport people out of the flooded area, to 
monitor the situation and to assist affected inhabitants. Once the event has been 
declared a “Major Emergency”, the National Coordination Centre is established. 
The key CI owners are represented in this body also. 
CI is now affected seriously. In this hypothetical scenario the roads along and 
across the river have become flooded and thus inaccessible. These include na-
tional primary roads. Cork City Council closes part of these roads and diverts 
traffic away from the city centre. There is a cessation of bus services and also the 
movement of emergency services is significantly restricted as the flooding of city 
centre roads increases. Small boats are deployed in some areas of the city to res-
cue trapped residents from their homes and to transport medical personnel to 
work in the city centre hospital. 
 
 
Figure 4. Flood map of the 1/1000 year flooding near Cork (based on [39]). 
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Two transformer stations which were almost flooded in the 2009 flooding and 
deliver power to over 20,000 persons become flooded in this hypothetical event 
and cause a power shut-down in a large part of the city. This affects schools, 
traffic systems, and commercial areas: the whole society of the central part of the 
city. The railway network, the gas supply and communication networks are af-
fected indirectly due to the large power disruption caused by the flooding of the 
two transformer stations. 
The drinking water treatment facility is submerged which causes an interrup-
tion in drinking water supply also in areas of the cities which have not been 
flooded. Hospitals are provided with water to ensure continued operation. The 
water supply to fire hydrants is also impacted. 
Flood waters enter the Mercy University Hospital but can be stopped before it 
reaches the generators which are located on the ground floor. The hospital be-
comes inaccessible. Hospital staff and crucial supplies need to be brought to the 
hospital by emergency responders. 
The buildings of the University College Cork and the Tyndall National Insti-
tute are both flooded and consequently closed. The auditorium faces a flood 
depth of about 5m. Students are rapidly evacuated and temporary accommoda-
tion is arranged for them. No fatalities occur. 
The citizens of Cork respond by protecting their homes and belongings and 
some are evacuated. Some residents installed personal door flood barriers in ad-
vance of the flooding which proved to be very effective. The general public are 
not only affected directly by the flood water, but also by the disruptions in CI 
functions. 
Phase 3: Post-flood event recovery 
The flood waters recede after approximately 24 hours. Most roads and bridges 
are accessible again by then, but power supply and water supply remain inter-
rupted for a period of up to two weeks. 
Since approximately 25,000 properties are without drinking water supply, 
Cork City Council brings in large mobile tankers to distribute fresh water to the 
areas without potable water supply. 
Quickly, businesses, public services and educational re-open and university 
classes recommence. However, some areas of the university campus are closed 
for up to nine months while repair works are completed. Approximately 10,000 
students and 30 staff are relocated. Temporary lecture rooms and student ac-
commodation are obtained in the interim period to ensure that classes can pro-
ceed. 
Storylines for current situation (2017) and the future 
If a flooding event similar to a 1/1,000 event would occur in 2017, conse-
quences would differ from those described previously (related to a pre-2009 
flood event situation). Since 2009 important measures have been taken: 
The preparedness for extreme conditions has improved significantly: the 
functioning of the action teams and emergency coordination has changed and 
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emergency protocols and procedures have improved; 
The management of the reservoirs and the information supply to the reser-
voir operators has been significantly improved. 
The electricity transformer stations have been protected against water depth 
of approximately 1m; 
Structural faults in the quay walls have been repaired and the walls streng-
thened which reduces the inundation depths due to such extreme events; 
Flood defense measures have been implemented at the university; and 
Improved flood defense measures have been incorporated at the drinking wa-
ter plant to increase protection of the infrastructure. 
The event storyline would start similarly to that of the pre-2009 scenario, 
but in the flooding phase, impacts would be limited to the roads along the river. 
The drinking water plant is still vulnerable to this type of flood scenarios. How-
ever, it is believed that emergency managers now can prevent flooding by effec-
tive emergency actions. Flood defense measures implemented to the power 
supply, water supply and the university increases resilience to flood events. Fur-
thermore, the structural improvement works to the quay walls are likely to re-
duce the risk of flooding to the Mercy Hospital. Another important element is 
the preparedness of the general public to flooding: the experience of a recent 
large scale flood event would also act to improve preparedness and encourage 
residents and businesses to increase their level of flood defense. Therefore, it is 
expected that floods would still cause impacts at the areas directly along the riv-
er, but that after about 3 days, the area would have recovered. 
In future additional measures are planned by the OPW: hydraulic models will 
be made to further enhance the capacity of the reservoir operators and Cork City 
Council to forecast water levels and to operate the reservoir. Flood storage areas 
will be planned between the reservoirs and Cork City to prevent flooding of vul-
nerable urban areas. These actions increase resilience. The final resilience level 
depends, however, also on the degree of climate change and urbanization and 
spatial planning of the City and County Councils. 
4.3. Evaluation Phase 
To evaluate whether Cork is sufficiently resilient, the acceptable resilience level 
must be assessed. In Ireland there is no formal safety standard, acceptable risk 
threshold, or other type of standard. However, it was clear that the flood impacts 
of the 2009 flood were found to be unacceptable. Therefore, measures were taken 
after 2009 to prevent such impacts from happening again. The potential flood 
impacts of events such as the 1/1000 year event in the storyline exceeded the 
2009 event, and were thus also unacceptable. How much improvement is needed 
to reach an acceptable level of resilience was still open for discussion. The con-
tinuing interest in flood risk and flood impact studies, in resilience and CI vul-
nerability may be considered as an indication of the search to determine what is 
feasible to do to increase resilience and what levels are required. 
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To be able to discuss resilience in urban planning, a rough indicative analysis 
is presented of the resilience before and after 2009. Almost all of the city’s 
120,000 residents were impacted directly or indirectly as a result of the flooding 
in the pre-2009 situation. Monetary impacts exceed the €60 million in flood 
damage costs which occurred in 2009 [39], and recovery lasts for up to nine 
months. Although there were no casualties, the flooding is considered disastr-
ous. The city is considered very vulnerable and not resilient to flooding. 
The direct impacts were significant, but the indirect impacts due to disrup-
tions in power supply, drinking water and transport routes were much more se-
vere, affected also non-flooded citizens and lasted much longer. To reduce im-
pacts and increase recovery rate those indirect impacts need to be focused on. To 
assess the recovery rate in this case we simply multiply the number of affected 
persons by the duration of the impacts. In the storyline of the pre-2009 situation 
almost the whole population suffered for about 2 weeks due to cuts in power 
supply and interruption of services from busses, railroads, communication and 
so on. About 87,000 persons were also without drinking water in that period. 
Although students were still evacuated and some university buildings were still 
seriously damaged after those two weeks, the university functioned again and 
lectures were given. The recovery time indicator was assessed as 120,000 inhabi-
tants * 14 days = 1.68 Million person days. 
If a flood would occur in 2017, probably only the citizens close to the river, or 
those who depend on roads along the river are affected and they face little dam-
age. The number of people exposed in 2017 is not known precisely. If about 300 
persons would be affected during a period of 3 days, the recovery time would be 
3 days *300 persons = 900 person days, which is much less than before 2009. The 
estimated damage is also a fraction of the pre-2009 situation damage. 
The measures which were already taken thus increased resilience significantly. 
They focused on flood prevention (strengthening of quays, protecting the uni-
versity grounds), emergency management, and impact reduction by protecting 
the drinking water production and power supply assets, which caused the largest 
impacts in 2009. Even if beyond-design events occur and the city is flooded, the 
power supply is likely to remain intact, and the more efficient emergency man-
agement would limit impacts and enhance recovery. Resilience thus has in-
creased very much thanks to the implemented measures. 
4.4. Further Enhancing Resilience Phase 
In future, resilience may be further enhanced if e.g. flood storage areas are as-
signed and emergency management is further improved. Future changes, such as 
urbanization in floodplains, or climate change may however also reduce future 
resilience. To make decisions on the need for further resilience enhancement 
regular (e.g. every 10 years) reconsiderations of flood risk and flood resilience 
are beneficial. Advanced resilience indicators which provide more information 
than the presented first attempt indicators may then be developed. The actors 
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involved in the workshop would like to contribute to a shared vision for the ci-
ties’ resilience towards floods and are very interested in all information on flood 
hazards, the foreseen responses of the emergency managers and on the impacts 
on networks linked to their own network. 
5. Discussion 
Global policy documents, scientific literature and practitioners’ statements em-
phasize the need for enhancing urban resilience. Actual implementation of resi-
lience measures in urban city planning will require a clear vision on how and to 
what extent resilience should be enhanced. To promote the adoption of meas-
ures enhancing resilience in urban city planning, resilience must become part of 
existing planning frameworks and information on the effect of measures on resi-
lience must become part of assessment frameworks. Traditional flood risk analy-
sis techniques are often insufficient to assess resilience, since they do not address 
recovery, intangible impacts, and pay little attention to impacts from 
beyond-design events. We showed that with approaches which engage a wide 
range of actors useful insights on resilience and resilience enhancing measures 
can be obtained. 
In Cork the assessment focused on the effect of a beyond-design flood event 
on the functioning of CI. Such events, disrupting CI, were experienced in recent 
flood events of 2009. We applied the storyline approach to structure and focus 
discussions and used the CIrcle tool to collect, structure and visualize flood ef-
fects on CI including cascading effects. Joint fact-finding with actors promoted 
dialogue and increased awareness between actors who normally rarely interact. 
It helped them to better understand the linkages between the various systems 
and responsibilities, which also increases acceptability of both flood risks and 
measures. It also helped to determine locations or assets which need to be raised 
or protected with priority because those determine recovery rates or are crucial 
for emergency management. The approach followed allows all actors to provide 
information, exchange ideas and to obtain a shared vision of the issues and solu-
tions. In the workshop the participants walked over to the map, identified their 
networks and saw which were in flooded areas. Then for each CI the effect of the 
water on the functioning was discussed. The area which would be affected and 
the effects on other CI networks were discussed next. Lively discussions emerged 
on potential flood effects, cascading effects, risks which are already being consi-
dered or not and on potential measures and who should take them. Seeing the 
complete picture clearly contributed to identifying measures which are beyond 
the scope of single actors. 
Other approaches to obtain information on flood impacts, flood risks and 
vulnerability, such as traditional flood risk analysis methods which were carried 
out by technical engineers focused on direct impacts. Risk analyses of CI man-
agers focused on the impacts for their own CI. Issues at their own CI caused by 
disruption in other CI networks were sometimes overlooked when studying 
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flood hazards, or if identified, they were considered beyond their responsibility 
(as someone mentioned in a working session when discussing railroad vulnera-
bility to coastal floods “those power suppliers should have their operations 
working”). The approach followed here which includes cascading effects and 
brings together different actors is not common yet. 
However, the success of the approach will depend strongly on the active in-
volvement of the right actors and an adequate support of the joint fact finding 
process, including a proper preparation of workshops. Since in Cork, the wil-
lingness to improve flood resilience is large and we discussed the workshops in-
tention in interviews, we were able to get the right attendants present. 
The resilience indicators in our example are rather straightforward, namely 
flood impact and flood duration. For each urban system, in the inception phase 
of the urban resilience planning framework, appropriate resilience indicators 
must be defined. The choice of indicators will depend on the hazard, type of sys-
tem, available information and focus. The indicators should provide insight into 
the effect of measures on the impacts of floods, including the impacts of 
beyond-design floods as well as recovery capacity. The indicators elaborated in 
our examples are a subset of the indicators that may be considered in assessing 
the resilience of cities. 
In practice, it’s not feasible to study all resilience dimensions in detail. There-
fore we promote a phased approach: starting from a rather coarse comprehen-
sive analysis to identify the dimensions and elements which are most relevant for 
the city’s resilience and then a more detailed approach where needed. In the ra-
ther broad approach interaction with actors is crucial. Approaches which struc-
ture discussions amongst actors from various organizations and disciplines are 
needed next to the more common detailed mono-disciplinary risk analyses. 
6. Conclusion 
We conclude that the adoption of resilience in existing city planning frameworks 
is a prerequisite for implementation of measures to enhance resilience. Practical 
tools and approaches which help decision makers to obtain and structure infor-
mation and to communicate with non-flood risk experts may provide valuable 
contributions to this process. Resilience is a broad concept that requires a com-
prehensive systems approach, which may be difficult to achieve with common 
flood risk analysis methods and tools. Tools which engage the relevant actors, 
such as CIrcle and storyline method do have added value when building urban 
resilience to floods. These enable the gathering of tacit knowledge from actors, 
support discussion and contribute to the development of a mutual vision. They 
also help to translate technical information on possible flood events into mea-
ningful information for actors and enable inclusive development of strategies 
and views on complex and interdependent problems. The methods and tools can 
support data sharing between organizations and build support for the imple-
mentation of risk reduction measures. The tools can be used in combination 
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with traditional risk analysis methods to support decision making at different 
stages of resilient urban planning. The tools help to link flood risk information 
to flood resilience thinking. 
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